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(54) ANTI-STAT3 BISPECIFIC ANTIBODY HAVING CELL-PENETRATING ABILITY, AND 
PHARMACEUTICAL COMPOSITION CONTAINING SAME

(57) The present invention relates to an anti-STAT3
specific antibody and a pharmaceutical composition
comprising the same, and more specifically relates to an
anti-STAT3 specific antibody which includes a site that
specifically binds to STAT3, and further include a STAT3
site plus a DNA binding site that confer cell penetration
ability, and a pharmaceutical composition comprising it
as an active ingredient. The STAT3 specific antibody ac-
cording to the present invention, and particularly the
STAT3/DNA dual specific antibody having a dual specific
characteristic, contains a DNA binding site that can pen-
etrate cells and specifically bind to DNA in the nucleus,
and thus can overcome the limitations of conventional

antibody therapeutics that can target only extracellular
proteins. It has been also confirmed that the antibody
can inhibit transcription factor activity of STAT3 by spe-
cifically binding to phosphorylated activated form of
STAT3. So, the antibody could be used for the develop-
ment of a therapeutic agent without side effects for var-
ious diseases caused by activation of STAT3, for exam-
ple, a therapeutic agent for carcinoma, a drug capable
of inhibiting cancer metastasis progressed by activation
of STAT3, and a therapeutic agent without side effects
for inflammatory diseases including rheumatoid arthritis
and psoriatic dermatitis also caused by activation of
STAT3.
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Description

BACKGROUD

Field of the Invention

[0001] The present invention relates to an anti-STAT3 bispecific antibody having a cell-penetrating ability and a phar-
maceutical composition comprising the same, more specifically, an anti-body comprising a site specifically binding to
STAT3 and a DNA binding site conferring the cell-penetrating and pharmaceutical compositions comprising it as an
active ingredient.

Discussion of Related Art

[0002] Proteins are made from genetic information on DNA through transcription and translation processes. The protein
produced is a component of the cell and performs functions such as cell skeleton formation, but many proteins have
activity, and regulation of protein activity plays a very important role in cell signal transmission for regulation of intracellular
function.
[0003] Regulation of intracellular signal transduction by proteins can be achieved through on/off of protein activity,
and various modification methods such as phosphorylation, glycosylation, methylation, and acetylation, and protein-
protein interaction are used for the induction of protein activation or inactivation. As such, post-translational modification
plays a very important role in intracellular signal transduction, and among them, protein phosphorylation is a signal
derived from the environment outside and inside the cell as the main mechanism of action affecting gene expression
(Manning G, et al., the protein kinase complement of the human genome. Science 298: 1912-1934 (2002)).
[0004] It is known that such protein phosphorylation is responsible for intracellular signaling by affecting protein activity,
structure, and binding ability with other proteins. As molecular biological knowledge develops, new drugs based on this
mechanism are being developed. A typical method is to inhibit the activity of proteins that bind to the phosphorylated
site of these proteins.
[0005] STAT3 (signal transducers and activators of transcription 3), a signaling protein that can induce cell proliferation,
when it gets phosphorylated in response to extracellular signals such as interleukin (IL) or interferon-gamma (IFN-γ),
gets paired (homo-dimer or hetero-dimer formation) and moves into the nucleus to induce the expression of specific
genes. In particular, STAT3 has received a lot of attention as it is known as a cancer-causing factor, and in fact, abnormal
activation of STAT3 has been reported in various cancer tissues. In particular, hyperactivated STAT3 is known to promote
cancer cellization of mutated cells by promoting expression of target genes such as Bcl-XL, c-myc, and cyclin D1, which
are associated with cancer cell survival, proliferation and growth. However, the development of drugs that can effectively
suppress STAT3 is still insufficient.
[0006] On the other hand, inflammatory disease refers to a disease in which an inflammatory reaction is a major lesion,
and among these, rheumatoid arthritis is a chronic inflammatory disease of unknown cause characterized by multiple
arthritis. Initially, the synovial membrane surrounding the joints is inflamed, but the inflammation gradually spreads to
the surrounding cartilage and bones, leading to destruction and deformation of the joints to become a disease that can
invade the whole body, with symptoms outside of the joint, including anemia, dry syndrome, subcutaneous nodules,
pulmonary fibrosis, vasculitis, and skin ulcers.
[0007] The exact cause of rheumatoid arthritis has not been determined, but autoimmunity is a major mechanism.
Autoimmune is an abnormality of the immune system that protects the human body from the outside, rather it attacks
the human body. In general, genetic predisposition, bacterial or viral infection, etc. are thought to be the cause of
rheumatoid arthritis, and are known to be easy to develop after physical or mental stress. In addition, it has been reported
that the incidence is high even in the early stages of menopause, which is an example of rheumatoid arthritis being
affected by hormones.
[0008] A treatment strategy associated with immunopathological mechanisms is known as a treatment method for
rheumatoid arthritis, and several biotherapies are used, but there is no effective clinically sustainable treatment.
[0009] On the other hand, until recently, various studies have reported that STAT3 (signal transducers and activators
of transcription 3) plays a role as another important transcription factor in addition to NF-κB in autoimmune diseases
including rheumatoid arthritis. In particular, it is well known that STAT3 is activated by interleukin-6 (IL-6), a cytokine
that mediates an inflammatory response, and thus, and it has been reported continuously activated STAT3 is closely
related to the development of rheumatoid arthritis (Rheumatology (Oxford). 2015 Jun;54(6):1103-13).
[0010] Antibodies are glycoproteins present in serum or tissue fluids of all mammals, and recognize foreign antigens
in vivo. Antibodies activate effector functions such as phagocytic ability of FcR expressing cells, antibody-dependent
cellular injury ability, mediator freeing ability and antigen presentation ability through activation of the complement system
or binding to a receptor (FcR) present on the cell surface, and are involved in biological defense. Based on the antigen-
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specific binding capacity of these antibodies, various medicines are being developed in the form of recombinant antibodies
that bind to substances that cause diseases in cells and inhibit their activity, and they are proved to be an effective drug
form as they are easier to produce than other types of drugs, such as low-molecular-weight drugs, with specificity and
bio-durability.
[0011] Antibodies are glycoproteins found in the blood or tissue fluid of mammalian species, and recognize foreign
antigens. Antibodies activate complementary systems, and through the biding to the cell surface receptors (FcR) activate
FcR expressing cells’ effector functions such as increasing their cell identification capability, antibody-dependent cell
mediated cytotoxicity, mediators release, and antigen presentation capability, and protect the body.
[0012] However, while typical antibodies can only target extracellular molecules, numerous important targets for the
treatment of diseases and diagnosis of diseases are located inside the cells. For example, many transcription factors,
especially STAT3, are recognized as the most important but challenging targets for the treatment of various diseases.
[0013] Thus, the present invention has developed an antibody capable of penetrating into cells targeting only the
activated STAT3, thereby solving the above-described conventional limitations, and treating cancer, suppressing cancer
metastasis, and using it for treating STAT3-related diseases.
[0014] Accordingly, the present invention has developed an antibody capable of penetrating into cells targeting only
the activated STAT3, thereby solving the above-described conventional limitations, and treating cancer, suppressing
cancer metastasis, and treating STAT3-related diseases.

Technical Problem

[0015] The present invention has been devised to overcome the above-described conventional limitations, and the
present inventors completed the invention by developing a STAT3 specific antibody with its first antigen-binding site
specifically binding to phosphorylated STAT3, and an antibody with cell penetrating ability and bispecific property that
specifically binds to phosphorylated STAT3 and intracellular DNA.
[0016] Accordingly, an object of the present invention is to provide a STAT3 specific antibody or fragment thereof,
comprising a first antigen binding site that specifically binds to STAT3 (Signal transducer and activator of transcription
3). In addition, the purpose is to provide a STAT3 specific antibody or fragment, with the STAT3 specific antibody or
fragment thereof further includes a separate second antigen binding site that specifically binds to DNA, and so with
STAT3/DNA dual specific properties.
[0017] Another object of the present invention is to provide a polynucleotide encoding the antibody or fragment thereof,
a vector containing the polynucleotide, and a cell transformed with the vector.
[0018] In addition, another object of the present invention is to provide a method for producing the above-mentioned
antibody or a fragment thereof, and a method for specifically detecting them.
[0019] In addition, an object of the present invention is to provide a pharmaceutical composition for the treatment of
cancer, comprising an STAT3/DNA bispecific antibody or a fragment thereof as an active ingredient.
[0020] In addition, it is an object of the present invention to provide a pharmaceutical composition for inhibiting cancer
metastasis, comprising a STAT3/DNA bispecific antibody or a fragment thereof as an active ingredient.
[0021] In addition, an object of the present invention is to provide a pharmaceutical composition for the treatment of
inflammatory diseases, comprising an STAT3/DNA bispecific antibody or a fragment thereof as an active ingredient.
[0022] However, the intention of the present invention is not limited to the above-mentioned objects, and other objects
not mentioned above can become more fully understood from the following description.

Technical solution

[0023] In order to achieve the object of the present invention as described above, the present invention provides a
STAT3 specific antibody or fragment thereof comprising a first antigen binding site that specifically binds to STAT3
(Signal transducer and activator of transcription 3).
[0024] In one embodiment of the present invention, the antibody or fragment thereof may further have a STAT3/DNA
dual specific property, further comprising a second antigen binding site that specifically binds to DNA.
[0025] In one embodiment of the present invention, the first antigen binding site specific for STAT3 may contain a light
chain complementarity determining region (CDR) represented by the amino acid sequence of SEQ ID NOs: 1 to 3, and
a heavy chain complementarity determining region represented by the amino acid sequence of SEQ ID NO: 4 to 6.
[0026] In another embodiment of the present invention, the first antigen-binding site specifically binding to STAT3 may
contain a light chain complementarity determining region (CDR) represented by the amino acid sequence of SEQ ID
NOs: 7 to 9, and a heavy chain complementarity determining region represented by the amino acid sequence of SEQ
ID NOs: 10 to 12.
[0027] In another embodiment of the present invention, the first antigen-binding site specifically binding to STAT3
comprises a light chain complementarity determining region (CDR) represented by the amino acid sequence of sequence
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ID Nos: 13 to 15, and a heavy chain complementarity determining region represented by the amino acid sequence of
SEQ ID NOs: 16 to 18.
[0028] In one embodiment of the present invention, the first antigen binding site specific for STAT3 may contain a light
chain complementarity determining region (CDR) represented by the amino acid sequence of SEQ ID NOs: 19 to 21,
and a heavy chain complementarity determining region represented by the amino acid sequence of SEQ ID NO: 22 to 24.
[0029] In one embodiment of the present invention, the first antigen binding site specific for STAT3 may contain a light
chain complementarity determining region (CDR) represented by the amino acid sequence of SEQ ID NOs: 25 to 27,
and a heavy chain complementarity determining region represented by the amino acid sequence of SEQ ID NO: 28 to 30.
[0030] In one embodiment of the present invention, the first antigen binding site specific for STAT3 may contain a light
chain complementarity determining region (CDR) represented by the amino acid sequence of SEQ ID NOs: 31 to3 3,
and a heavy chain complementarity determining region represented by the amino acid sequence of SEQ ID NO: 34 to 36.
[0031] In one embodiment of the present invention, the first antigen binding site specific for STAT3 may contain a light
chain complementarity determining region (CDR) represented by the amino acid sequence of SEQ ID NOs: 37 to 39,
and a heavy chain complementarity determining region represented by the amino acid sequence of SEQ ID NO: 40 to 42.
[0032] In another embodiment of the present invention, the STAT3 may be with a phosphorylated 705th tyrosine residue.
[0033] In another embodiment of the present invention, the antibody or fragment thereof may have an ability to penetrate
into cells.
[0034] In another embodiment of the present invention, the above-mentioned fragments can be a fragment selected
from diabody, Fab, Fab’, F(ab)2, F(ab’)2, Fv, and scFv.
[0035] In addition, the present invention provides a polynucleotide encoding the above antibody or fragment thereof.
[0036] In addition, the present invention provides a vector comprising the above polynucleotide.
[0037] In addition, the present invention provides cells transformed with the above-mentioned vector.
[0038] In addition, the present invention provides methods for the production of STAT3 specific antibody or fragment
thereof including steps for (a) culturing the above-mentioned cells under the conditions that allow expression of the
polynucleotide;

(b) producing polypeptides comprising sites for the light chain CDR and heavy chain CDR from the above cells;
(c) recovering the above polypeptides either from the cells or from their culture medium.

[0039] In addition, the present invention provides a method for specific detection of STAT3, comprising contacting the
antibody or fragment thereof with a sample and detecting the antibody or fragment thereof.
[0040] In addition, the present invention provides a pharmaceutical composition for treating cancer, comprising a
STAT3 specific antibody or a fragment thereof as an active ingredient.
[0041] In addition, the present invention provides a pharmaceutical composition for inhibiting cancer metastasis, com-
prising a STAT3 specific antibody or a fragment thereof as an active ingredient.
[0042] In one embodiment of the present invention, the cancer can be one or more selected from bladder cancer,
breast cancer, cervical cancer, cholangiocarcinoma, colorectal cancer, colon cancer, endometrial cancer, esophageal
cancer, stomach cancer, head and neck cancer, kidney cancer, liver cancer, lung cancer, nasopharyngeal cancer,
ovarian cancer, pancreatic cancer, gallbladder cancer, prostate cancer, thyroid cancer, osteosarcoma, rhabdomyosar-
coma, lubricating sarcoma, Kaposi’s sarcoma, smooth sarcoma, malignant fibrosarcoma, fibrosarcoma, acute myeloid
leukemia, adult T cell leukemia, chronic myelogenous leukemia, lymphoma, multiple myeloma, glioblastoma, astrocy-
toma, melanoma, mesothelioma, Wilm’s tumor, and MiT tumors including clear cell sarcoma (CCS), afferent soft sarcoma
(ASPS) and translocation-associated renal cell carcinoma.
[0043] In addition, the present invention provides a method of treating cancer, comprising administering the pharma-
ceutical composition to an individual.
[0044] In addition, the present invention provides a cancer treatment of the pharmaceutical composition.
[0045] In addition, the present invention provides a method for inhibiting cancer metastasis, comprising administering
the pharmaceutical composition to an individual.
[0046] In addition, the present invention provides the use of the pharmaceutical composition for inhibiting cancer
metastasis.
[0047] In addition, the present invention provides a pharmaceutical composition for the treatment of inflammatory
diseases, comprising an STAT3/DNA bispecific antibody or fragment thereof as an active ingredient.
[0048] In one embodiment of the invention, the inflammatory disease may be rheumatoid arthritis (rheumatoid arthritis)
or psoriasis dermatitis (psoriasis).
[0049] In addition, the present invention provides a method of treating an inflammatory disease, comprising adminis-
tering the pharmaceutical composition to an individual.
[0050] In addition, the present invention provides a pharmaceutical composition for the treatment of inflammatory
diseases.
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Advantageous Effects

[0051] The STAT3 specific antibody according to the present invention can specifically inhibit only its phosphorylation
activated form of STAT3, thereby inhibiting its transcription factor activity. In addition, the STAT3 specific antibody
according to the present invention may further include a second antigen binding site that specifically binds to DNA, and
may have STAT3/DNA dual specific properties.
[0052] In particular, antibodies with dual STAT3/DNA specific characteristics can overcome the limitations of antibody
drugs targeting only proteins existing outside cells, by including a DNA binding site that penetrates into cells and spe-
cifically binds to DNA in the nucleus. In addition, it was confirmed that it is capable of inhibiting its transcription factor
activity by specifically binding to phosphorylation activated form of STAT3, and thus they can used effectively for the
development of a therapeutic agent without side effects for related diseases caused by activation of STAT3, for example,
development of a therapeutic agent for various carcinomas related to STAT3 activation, development of a drug capable
of inhibiting cancer metastasis progressed by activation of STAT3, and a therapeutic agent without side effects for
inflammatory diseases including rheumatoid arthritis and psoriatic dermatitis associated with activation of STAT3.

BRIEF DESCRIPTION OF THE DRAWINGS

[0053]

Figure 1a briefly shows the structure of an antibody (hereinafter referred to as pSTAT3 antibody) specifically binding
to phosphorylated STAT3, Figure 1b shows the antibody structure of the present invention and its sequence.

Figure 2 shows a result of confirming the ability to bind to phosphorylated STAT3 by performing SDS-PAGE after
producing an antibody having the pSTAT3 dual specific characteristics of the present invention.

Figure 3 is a result of confirming the cell penetration ability of the antibody having the pSTAT3 dual specific properties
of the present invention through immunocytochemical staining.

Figures 4A, 4B and 4C are to confirm the pSTAT3 inhibitory ability of the antibody having the pSTAT3 dual specific
properties of the present invention, Figure 4A and 4C show the results in the mouse macrophage cell line (RAW264.7)
and articular bone marrow cells (Synoviocyte), respectively, after inducing STAT3 activity with LPS or TNFα on the
expression level of the pSTAT3 protein with the above antibody treatment. FIG. 4C shows the present invention by
measuring the expression level of pSTAT3 and COX-2 after treating LPS and pSTAT3 in a mouse macrophage cell
line. It is the result of confirming the specific binding of the antibody to pSTAT3 according to.

Figure 5 shows the results in HepG2 liver cancer cells of their response to IL-6 treatment on the level of expression
from a luciferase reporter gene under the control of STAT3 responsive element (STAT3-RE) after transient trans-
fection of the reporter gene, and the inhibition of IL-6 induced reporter gene expression by the pretreatment of the
cells with a pSTAT3/DNA bispecific antibody provided in the present invention.

DETAILED DESCRIPTION OF EXEMPLARY EMBODIMENTS

[0054] The present inventors completed the invention by developing an antibody capable of specifically binding to
phosphorylated STAT3 and inhibiting its transcription factor activity, and further developing an antibody that specifically
binds to intracellular DNA and has a dual specific property with cell penetration ability.
[0055] Accordingly, the present invention provides a STAT3 specific antibody or fragment thereof comprising a first
antigen binding site that specifically binds to STAT3 (Signal transducer and activator of transcription 3).
[0056] In addition, the present invention provides STAT3-specific antibodies or fragments thereof, comprising a first
antigen-binding site that specifically binds to STAT3 (Signal transducer and activator of transcription 3) and a second
antigen-binding site that specifically binds DNA, thereby STAT3/DNA dual specific properties.
[0057] The present inventors prepared the STAT3 specific antibody or fragment thereof through Examples and verified
its function.
[0058] In one embodiment of the present invention, a total of 24 specific antibody sequences that bind to the pY705
STAT3 peptide antigen were derived using a human single-chain variable fragment (scFv) library using a phage display
method, and affinity (KD) was measured. Thus, seven antibody candidates with high affinity for pY705 STAT3 were
finally selected (see Example 1).
[0059] In another embodiment of the present invention, a recombinant antibody was prepared using 3 sequences
among the 7 candidates, and it was confirmed that pSTAT3 can be effectively detected by an antibody produced using
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one of these sequences by performing SDA-PAGE. (See Example 2).
[0060] In another embodiment of the present invention, as a result of verifying the intracellular penetration ability of
the antibody through a cell immunochemical staining method in a colon cancer cell line, it was confirmed that the pSTAT3
antibody containing a DNA binding domain has an effective intracellular penetration ability (Example 3).
[0061] In another embodiment of the present invention, the mouse macrophage cell line and the articular bone marrow
cell were treated with the antibody according to the present invention, and the expression level of pSTAT3 was measured
by Western blot to confirm the ability of the antibody to inhibit pSTAT3, but this function had no effect on other signal
transduction molecules (see Example 4-1).
[0062] In another embodiment of the present invention, it was confirmed that the antibody inhibits the expression of
the luciferase reporter gene in IL-6 stimulation conditions using a luciferase reporter gene expressed under the control
of STAT3-RE (See Example 4-2).
[0063] The results of the above examples demonstrate that the STAT3 specific antibody according to the present
invention, and more specifically, the STAT3 specific antibody having the STAT3/DNA dual specific property has cell
penetration ability and effectively inhibits the function of pSTAT3. Furthermore, it is to prove that it can be usefully used
for treatment of various carcinomas related to activation of STAT3, inhibition of cancer metastasis, and treatment of
inflammatory diseases.
[0064] The term "antibody" used in the present invention includes immunoglobulin molecules that are immunologically
reactive with a specific antigen, and includes both polyclonal antibodies and monoclonal antibodies. In addition, the term
includes forms produced by genetic engineering, such as chimeric antibodies (eg, humanized murine antibodies), het-
erologous antibodies (eg, bispecific antibodies), and bispecific antibodies.. In the present invention, the antibody may
be an antibody having specific characteristics or dual specific characteristics, and the antibody having the dual specific
characteristics means an antibody having two binding sites specific for different antigens of one antibody. As such, the
antibody of the present invention can preferably bind to STAT3 or STAT3 and intracellular DNA, respectively.
[0065] The terminology "antibody" used in the present invention includes immunoglobulins molecules that specifically
interact with antigens, and includes both monoclonal and polyclonal antibodies. Also, the above terminology includes
chimeric antibodies (such as humanized murine antibodies) and bispecific antibodies that can be developed by genetically
engineering them. Bispecific antibody provided in the present invention refers to an antibody with binding sites for two
different antigens, and preferably in the present invention for STAT3 and cellular DNA, respectively.
[0066] ’Antibody’ and ’anti STAT3 specific antibody’ of the present invention should be understood to include a binding
site that specifically binds to STAT3, and ’STAT3/DNA bispecific antibody’ and ’STAT3 bispecific scFv antibody’ should
be understood that it includes both a binding site that specifically binds STAT3 and a binding site that specifically binds
DNA. Meanwhile, the terms "first" and "second" used in the specification of the present invention should be understood
to be randomly ordered for classification.
[0067] Antibodies typically have heavy and light chains, and each heavy and light chain contains a constant region
and a variable region (this region is also known as a "domain"). The variable regions of the light and heavy chains include
three variable regions called "complementarity-determining regions" (hereinafter referred to as "CDRs") and four "frame-
work regions". The CDR mainly plays a role of binding to the epitope of the antigen. The CDRs of each chain are typically
called CDR1, CDR2, CDR3, starting from the N-terminus, and are also identified by the chain in which the particular
CDR is located. However, not all CDR sites need to be directly involved in antigen binding.
[0068] In the present invention, the first antigen-binding site specifically binding to STAT3 can be a light chain com-
plementarity determining region (CDR) represented by the amino acid sequence of SEQ ID NOs: 1 to 3 and a heavy
chain complementarity determining region represented by the amino acid sequence of SEQ ID NOs: 4 to 6.
[0069] In addition, the first antigen-binding site specifically binding to STAT3 is represented by the light chain com-
plementarity determining region (CDR) represented by the amino acid sequence of SEQ ID NOs: 7 to 9 and a heavy
chain complementarity determining region represented by the amino acid sequence of SEQ ID NOs: 10 to 12.
[0070] In addition, the first antigen-binding site specifically binding to STAT3 is represented by the light chain com-
plementarity determining region (CDR) represented by the amino acid sequence of SEQ ID NOs: 13 to 15 and a heavy
chain complementarity determining region represented by the amino acid sequence of SEQ ID NOs: 16 to 18.
[0071] In addition, the first antigen-binding site specifically binding to STAT3 is represented by the light chain com-
plementarity determining region (CDR) represented by the amino acid sequence of SEQ ID NOs: 19 to 21 and a heavy
chain complementarity determining region represented by the amino acid sequence of SEQ ID NOs: 22 to 24.
[0072] In addition, the first antigen-binding site specifically binding to STAT3 is represented by the light chain com-
plementarity determining region (CDR) represented by the amino acid sequence of SEQ ID NOs: 25 to 27 and a heavy
chain complementarity determining region represented by the amino acid sequence of SEQ ID NOs: 28 to 30.
[0073] In addition, the first antigen-binding site specifically binding to STAT3 is represented by the light chain com-
plementarity determining region (CDR) represented by the amino acid sequence of SEQ ID NOs: 31 to 33 and a heavy
chain complementarity determining region represented by the amino acid sequence of SEQ ID NOs: 34 to 36.
[0074] In addition, the first antigen-binding site specifically binding to STAT3 is represented by the light chain com-
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plementarity determining region (CDR) represented by the amino acid sequence of SEQ ID NOs: 37 to 39 and a heavy
chain complementarity determining region represented by the amino acid sequence of SEQ ID NOs: 40 to 42.
[0075] The fragment of the present invention may be a fragment selected from the group consisting of diabody, Fab,
Fab’, F(ab)2, F(ab’)2, Fv and scFv, but is not limited thereto.
[0076] In the present invention, a fragment of an antibody refers to a fragment of an antibody that maintains the antigen-
specific binding ability of the entire antibody, preferably the fragment is at least 20%, 50%, 70%, 80 of STAT3 and DNA
affinity of the parent antibody, and specifically, it may be in the form of Fab, F(ab)2, Fab’, F(ab’)2, Fv, diabody, scFv,
and the like.
[0077] For the purpose of the present embodiment, the fragment of the antibody is not limited in structure or form as
long as it maintains binding specificity to human-derived STAT3 protein and DNA, but may be preferably scFv. The scFv
according to the present embodiment has a CDR configuration, specific to the above-described STAT3 protein and DNA,
or VH and VL configuration, and the sequence of scFv is not limited if the C-terminal of VH and the N-terminal of VL are
linked via a linker. The linker is not limited as long as it is known in the art as a linker applied to scFv.
[0078] The antibodies or fragments thereof of the embodiment may comprise conservative amino acid substitutions
(referred to as conservative variants of antibodies) that do not substantially alter their biological activity.
[0079] The STAT3 is a transcription factor encoded by the STAT3 gene, and when phosphorylated by receptor-
associated Janus kinases (JAK) upon stimulation of various cytokines and growth factors, a homodimer or a heterodimer
is formed and it acts as a transcription factor that regulates the expression of various genes by moving to the nucleus.
When interferon, epidermal growth factor (EGF), interleukin-5 (IL-5), or interleukin-6 (IL-6) is bound as a ligand, phos-
phorylation at 705th tyrosine residue of STAT3 occurs, and phosphorylation at 727th serine residue occurs by Mitogen-
activated protein kinases (MAPK) or c-src nonreceptor tyrosine kinase. It is known that STAT3 activated through this
process mediates the expression of various genes in response to cell stimulation and plays an important role in various
cell responses such as cell growth and apoptosis.
[0080] In the present invention, the STAT3 to which the STAT3 specific antibody or fragment thereof binds is preferably
characterized in that the 705th tyrosine residue is phosphorylated.
[0081] On the other hand, the second antigen-binding site that specifically binds to the DNA is a DNA binding domain
of 3E10, an autoantibody found in patients with lupus (J Autoimmun. 1998 Oct;11(5):539- 46. 1998.10), specifically, the
31st aspartic acid of ’Variant heavy chain’ is substituted with asparagine (D31N), but is not limited thereto.
[0082] In addition, the present invention provides a polynucleotide encoding the antibody or fragment thereof.
[0083] The term ’polynucleotide’ used in the present invention may be described as an oligonucleotide or a nucleic
acid, DNA molecules (eg, cDNA or genomic DNA), RNA molecules (eg, mRNA), nucleotide analogs of the DNA or RNA
generated using them (eg, peptide nucleic acids and non-naturally occurring nucleotide analogs) and hybrids thereof.
The polynucleotide may be single-stranded or double-stranded.
[0084] The sequence of the polynucleotide of the present invention is not particularly limited as long as it encodes the
antibody or fragment thereof of the present invention.
[0085] The polynucleotide encoding the antibody or fragment thereof of the present invention can be obtained by
methods well known in the art. For example, they can be synthesized based on a DNA sequence or a corresponding
amino acid sequence encoding part or all of the heavy and light chains of the antibody, by oligonucleotide synthesis
techniques well known in the art, and such as polymerase chain reaction (PCR).
[0086] In addition, the present invention provides a vector comprising the polynucleotide.
[0087] The term ’vector’ used in the present invention is used for the purpose of the replication or expression of the
polynucleotide of the present invention, for the recombinant production of the antibody or fragment thereof of the present
invention, and generally comprised the signal sequence, origin of replication, one or more of the marker genes, enhancer
elements, promoters, and transcription termination sequences. The vector of the present invention may preferably be
an expression vector, and more preferably, a control sequence, for example, a vector comprising the polynucleotide of
the present invention operably linked to a promoter.
[0088] In addition, the present invention provides cells transformed with the vector.
[0089] The cell of the present invention is not particularly limited as long as it can be used to express a polynucleotide
encoding an antibody or fragment thereof included in the expression vector of the present invention. Cells (host cells)
transformed with an expression vector according to the present invention include prokaryotes (eg, E. coli), eukaryotes
(eg, yeast or other fungi), plant cells (eg, tobacco or tomato plants). animal cells (e.g., human cells, monkey cells, hamster
cells, rat cells, mouse cells, insect cells, or hybridomas derived therefrom), but preferably It may be cells derived from
mammals, including humans.
[0090] The term ’transformation’ used in the present invention refers to a modification of a host cell genotype by
introduction of a foreign polynucleotide, and the foreign polynucleotide is introduced into the host cell regardless of the
method used for the transformation. Exogenous polynucleotides introduced into a host cell can be maintained integrated
or unintegrated into the genome of the host cell, and the present invention includes both.
[0091] Recombinant expression vectors capable of expressing a STAT3 specific antibody or fragment thereof according
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to the present invention, or a STAT3 specific antibody or fragment thereof having STAT3/DNA dual specific properties,
can be introduced inside cells to transform them for producing antibodies or fragments thereof by known methods for
introducing nucleic acids into cells, but the transformation method is not limited thereto, for example, transient transfection,
microinjection, transduction, cell fusion, calcium phosphate precipitation, liposome-mediated transfection, DEAE dextran-
mediated transfection (DEAE dextran-mediated transfection). polybrene-mediated transfection, electroporation, gene
guns, etc.
[0092] In addition, the present invention provides a method for producing a STAT3-specific antibody or fragment
thereof in steps of culturing the cells under the conditions in which the polynucleotide is expressed, producing a polypeptide
comprising a light chain and a heavy chain variable region, and recovering the polypeptide from the cell or the culture
medium in which it was cultured.
[0093] The culture of the cells may have different media composition and culture conditions depending on the type of
the cells, which can be appropriately selected and controlled by those skilled in the art.
[0094] The antibody molecule may be accumulated in the cytoplasm of the cell, secreted from the cell, or targeted to
a periplasmic or supernatant by an appropriate signal sequence, and it is preferably targeted to a periplasmic or extra-
cellular medium. In addition, it is preferable to refold the produced antibody molecule using a method well known to
those skilled in the art and have a functional conformation. The recovery of the polypeptide may vary depending on the
characteristics of the produced polypeptide and the characteristics of the cell, which can be appropriately selected and
controlled by those skilled in the art.
[0095] In addition, the present invention provides a method for specific detection of STAT3 comprising contacting the
antibody or fragment thereof with a sample and detecting the antibody or fragment thereof.
[0096] Those skilled in the art can appropriately select a known method for detecting a protein using an antibody, and
prepare a sample suitable for the selected method. In addition, the sample may be a cell or tissue, blood, whole blood,
serum, plasma, saliva, cerebrospinal fluid, or the like obtained by a biopsy taken from a subject to diagnose cancer or
cancer metastasis. The method for detecting a protein using the antibody is not limited thereto, for example, Western
blot, immunoblot, dot blot, immunohistochemistry, enzyme immunoassay (ELISA), radioimmunoassay, Competitive bind-
ing analysis, and immunoprecipitation.
[0097] The antibody or fragment thereof can be generally labeled with a detectable moiety for its ’detection’. For
example, it can be labeled with radioactive isotopes or fluorescent labels, various enzyme-substrate labels that are
available, and examples of such enzymatic labels are luciferases, luciferin, such as Drosophila luciferase and bacterial
luciferase, Peroxidase such as 2,3-dihydrophthalazinediones, malate dehydrogenase, urase, horseradish peroxidase
(HRPO), alkaline phosphatase, β-gaiactosidase, Glucoamylase, lysozyme, saccharide oxidase (e.g. glucose oxidase,
galactose oxidase, and glucose-6-phosphate dehydrogenase), heterocyclic oxidase (e.g. uricase and xanthine oxidase),
Lactoperoxidase, microperoxidase, and the like. Techniques for conjugating an enzyme to an antibody can be conjugated
directly or indirectly to the antibody using known techniques. For example, the antibody can be conjugated to biotin and
any markers falling within the three broad categories mentioned above can be conjugated with avidin, or vice versa.
Biotin selectively binds to avidin, so this label can be conjugated to the antibody in this indirect manner.
[0098] On the other hand, the present invention provides a pharmaceutical composition for treating cancer, comprising
a STAT3/DNA specific antibody or a fragment thereof as an active ingredient.
[0099] In addition, the present invention provides a pharmaceutical composition for inhibiting cancer metastasis, com-
prising a STAT3/DNA specific antibody or a fragment thereof as an active ingredient.
[0100] On the other hand, the disease targeted for treatment in the present invention, "cancer", is a generic term for
diseases caused by cells with metastatic properties, with an aggressive characteristic in which cells divide and grow,
ignoring normal growth limits, with an invasive characteristic that penetrates surrounding tissues, and other parts of the
body.
[0101] On the other hand, the term used in the present invention, "cancer metastasis " is a phenomenon that appears
as a result of the progression of cancer, most of the causes of cancer are not primary, and is supposed to be caused
by a disturbance the function of organs essential for survival. Cancer metastasis occurs through a plurality of processes,
such as migration of cells into tissues or vasculatures, including blood vessels such as arteries and veins, or lymphatic
vessels, implantation in other organs, proliferation and tumor tissue formation. It is characterized in that an enzyme is
expressed on the cell surface that induces destructiveness of structures that maintain the integrity of tissues such as
the basement membrane in addition to the extracellular structure that increases mobility, which decreases adhesion
between cells of the same type and creates adhesion to other cells in the operation of important cells in this process.
[0102] On the other hand, in the present invention, the cancer is bladder cancer, breast cancer, cervical cancer,
cholangiocarcinoma, colorectal cancer, colon cancer, endometrial cancer, esophageal cancer, stomach cancer, head
and neck cancer, kidney cancer, liver cancer, lung cancer, nasopharyngeal cancer, ovarian cancer, pancreatic cancer,
Gallbladder cancer, prostate cancer, thyroid cancer, osteosarcoma, rhabdomyosarcoma, lubricating sarcoma, Kaposi’s
sarcoma, smooth muscle sarcoma, malignant fibrous histiocytosis, fibrosarcoma, acute myeloid leukemia, adult T cell
leukemia, chronic myelogenous leukemia, lymphoma, multiple One or more selected from the group consisting of my-
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eloma, glioblastoma, astrocytoma, melanoma, mesothelioma, Wilm’s tumor, and MiT tumors, including clear cell sarcoma
(CCS), afferent soft sarcoma (ASPS) and translocation-associated renal cell carcinoma. It may be, but is not limited
thereto.
[0103] In addition, the present invention provides a pharmaceutical composition for the treatment of inflammatory
diseases, comprising a STAT3/DNA specific antibody or a fragment thereof as an active ingredient.
[0104] On the other hand, the disease to be treated in the present invention, "inflammatory disease" refers to a disease
in which an inflammatory response is a major lesion, and may include various diseases related thereto, but the inflam-
matory disease in the present invention is preferably rheumatoid arthritis or psoriatic dermatitis.
[0105] The rheumatoid arthritis is an inflammatory disease whose cause has not been precisely identified, and the
inflammation caused by the synovial membrane that initially surrounds thejoint gradually spreads to surrounding cartilage
and bones, thereby causing joint destruction and deformation. It has been reported through various studies in the field
that STAT3 and its related signaling are involved in the pathogenesis of rheumatoid arthritis.
[0106] The pharmaceutical composition according to the present invention includes a STAT3 specific antibody as an
active ingredient, and may further include a pharmaceutically acceptable carrier. The pharmaceutically acceptable carrier
is commonly used in formulation, and includes, but is not limited to, saline, sterile water, Ringer’s solution, buffered
saline, cyclodextrin, dextrose solution, maltodextrin solution, glycerol, ethanol, liposomes, etc. If necessary, it may further
contain other conventional additives such as antioxidants, buffers, if necessary. In addition, diluents, dispersants, sur-
factants, binders, lubricants, and the like may be additionally added to formulate into injectable formulations such as
aqueous solutions, suspensions, emulsions, pills, capsules, granules or tablets. Regarding suitable pharmaceutically
acceptable carriers and formulations, the formulations described in Remington’s literature can be used to formulate
according to each component. The pharmaceutical composition of the present invention is not particularly limited in the
formulation, but may be formulated as an injection, an inhalant, or an external preparation for skin.
[0107] The pharmaceutical composition of the present invention may be administered orally or parenterally (eg, intra-
venously, subcutaneously, intraperitoneally, or topically) according to a desired method, but may preferably be admin-
istered orally. Depending on the patient’s condition and body weight, the degree of disease, the route and time of
administration can be appropriately selected by those skilled in the art.
[0108] The pharmaceutical composition of the present invention is administered in a pharmaceutically effective amount.
In the present invention, "a pharmaceutically effective amount" refers to an amount sufficient to treat a disease at a ratio
of rational benefit/risk applicable to medical treatment, and an effective dose level can be determined based on the
patient’s disease type, or severity. It can be determined according to the activity of the drug, the sensitivity to the drug,
the time of administration, the route of administration and discharge rate, the duration of treatment, the factors including
the drugs used simultaneously, and other factors well known in the medical field. The pharmaceutical composition
according to the present invention may be administered as an individual therapeutic agent or in combination with other
therapeutic agents, and may be administered sequentially or simultaneously with a conventional therapeutic agent, and
may be administered in single or multiple doses. Considering all of the above factors, it is important to administer an
amount that can achieve the maximum effect in a minimal amount without side effects, which can be easily determined
by those skilled in the art
[0109] Specifically, the effective amount of the pharmaceutical composition of the present invention may vary depending
on the patient’s age, sex, condition, weight, absorption of active ingredients in the body, inactivation rate and excretion
rate, disease type, and drugs used in combination. In general, 0.001mg to 150 mg per 1 kg of body weight, preferably
0.01 to 100 mg, may be administered daily or every other day or may be administered by divided into 1 to 3 times a day.
However, since the dosage may be increased or decreased depending on the route of administration, the severity of
obesity, sex, weight, and age, the dosages does not limit the scope of the present invention in any way.
[0110] In another aspect of the present invention, the present invention provides a method of treating cancer comprising
administering the pharmaceutical composition to an individual.
[0111] In another aspect of the present invention, the present invention provides a method for inhibiting cancer me-
tastasis comprising administering the pharmaceutical composition to a subject.
[0112] In another aspect of the present invention, the present invention provides a method of treating an inflammatory
disease comprising administering the pharmaceutical composition to an individual.
[0113] In the present invention, "individual" refers to a subject in need of treatment of a disease, and more specifically,
human or non-human primate, mouse, rat, dog, cat, horse, and cow. It means mammal.
[0114] As another aspect of the present invention, the present invention provides treatment use of the pharmaceutical
composition for a cancer.
[0115] As another aspect of the present invention, the present invention provides treatment use of the pharmaceutical
composition for a cancer metastasis.
[0116] As another aspect of the present invention, the present invention provides treatment use of the pharmaceutical
composition for inflammatory diseases.
[0117] Hereinafter, preferred embodiments are provided to help understanding of the present invention. However, the
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following examples are only provided to more easily understand the present invention, and the contents of the present
invention are not limited by the following examples

Example 1.

Phosphorylated STAT3 peptide specific antibody sequence identification and candidate selection using Phagy 
Display

[0118] In order to prepare an antibody that specifically binds to the 705th tyrosine residue phosphorylated STAT3
(pY705 STAT3), the inventors first tried to screen the antibody that binds to the phosphorylated STAT3 using a phage
display.
[0119] To this end, first, the human single-chain variable fragment (scFv) library provided by the Osong Advanced
Complex Development Center candidate antibody discovery support team was used, and phage display was performed
using the pY705 STAT3 peptide as an antigen. Specifically, a phage antibody library was mixed with an antigen fixed
on a solid surface to induce antibody-antigen binding, and unbound phages were removed (Washing). Next, after eluting
the phage binding to the antigen using an alkaline/acidic pH solution or a competitive peptide, etc., amplifying the eluted
phage by infecting E. coli and amplifying the phage Used for round panning to concentrate specific antibodies. As a
result, finally, 24 pY705 STAT3 peptide specific antibody sequences were derived.
[0120] Then, as shown in Table 1 below, among the 24 sequences, KD was lower than 90 nM, and 7 antibody candidates
with high affinity for pY705 STAT3 were finally selected, and 3 candidate antibodies with a KD of 4-6 nM (C4, 3A10, and
C6) were selected to proceed with the development of a recombinant bispecific antibody.

Example 2. Production of phosphorylated STAT3 specific recombinant antibody

[0121] The present inventors tried to construct a recombinant bispecific antibody specific for phosphorylated STAT3
(pY705 STAT3) and DNA, using the three candidate sequences finally selected in Example 1.
[0122] The dual antibody produced in the present invention has a structure in which the antigen-binding site at one
end binds to phosphorylated STAT3 while the other antigen-binding site binds to DNA in the cell’s nucleus, as shown
in FIG. 1A. More specifically, as shown in FIG. 1B, scFv (STAT3 scFv) that binds to phosphorylated STAT3 and scFv
(3E10 scFv) that penetrates into cells and binds to DNA in the nucleus are joined together with a swivel linker. The 3E10
scFv is a DNA binding domain of an autoantibody found in lupus patients, and furthermore, the aspartic acid (shown in
blue) residue at the 31st position of the ’variable heavy chain’ was substituted into asparagine (D31N), as it has been
reported that the penetration efficiency in cells is further improved by this substitution.
[0123] Furthermore, SDS-PAGE was performed in order to investigate whether the phosphorylated STAT3 antibody
according to the present invention produced by recombination with the above-described structure (hereinafter referred
to as pSTAT3 antibody) produced by expressing it in cells, binds to phosphorylated STAT3. To this end, it was observed
whether the antibody binds to target phosphorylated STAT3, by introducing 100 ug of recombinant pSTAT3 antibody
into CHO-K1 80M cells and expressed to obtain the corresponding antibody, followed by loading 19.5 ul of each sample
in 4-20% acrylamide gel to perform SDS-PAGE.
[0124] As a result, as shown in FIG. 2, it was confirmed that all of the pSTAT3 antibody (1-4) samples produced
from cells through each independent process effectively bind to pSTAT3.

[TABLE 1]

ID KD (nM)

C4 4

3A10 5

C6 6

H9 12

A12 55

F11 55

A10 85
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Example 3. Verification of cell penetration ability of pSTAT3 bispecific antibody

[0125] In order to verify whether the pSTAT3 antibody according to the present invention actually shows a function of
penetrating into a cell, a cell penetration capability analysis was performed. To this end, the DLD colorectal cancer cell
line was treated with a pSTAT3 bispecific antibody (pSTAT3-C4) containing 3E10 scFv, or a pSTAT3 antibody (STAT3-
D31N) containing 3E10 scFv with the 31st aspartic acid substituted into asparagine (D31N). Next, intracellular STAT3
protein was labeled (STAT3 staining) using each pSTAT3 antibody through immunocytochemical staining, and cell nuclei
were stained through PI staining (PI staining for nucleus).
[0126] As a result, as shown in FIG. 3, when the pSTAT3-D31N antibody was treated, it was observed that the STAT3
staining result was exactly the same as the PI result staining the cell nucleus and, through this, it was confirmed that
the antibody penetrates the cell and has the ability to bind to pSTAT3 in the cell. On the other hand, while the STAT3-
C4 antibody also showed the ability to penetrate cells and bind to pSTAT3 in the cell, it was found that the cell penetration
efficiency was low compared to pSTAT3-D31N.

Example 4. Verification of pSTAT3 inhibitory effect of pSTAT3 bispecific antibody

4-1. pSTAT3 inhibitory effect verification

[0127] Through the results of Example 2, it was confirmed that the pSTAT3 antibody of the present invention efficiently
binds to pSTAT3. Furthermore, in order to verify the pSTAT3 inhibitory effect of the antibody, Western blot was performed
to observe the protein expression level.
[0128] More specifically, the mouse macrophage cell line RAW264.7 and articular bone marrow cells, Synoviocyte,
were treated with LPS (lipopolysaccharide) or TNFα to activate pSTAT3, followed by different concentrations of the
pSTAT3 antibody of the present invention (20, 50, 100 or 10, 20, 50 ug/ml) and observed the expression level of pSTAT3
protein. As a result, when the pSTAT3 antibody (RSmu) was treated as shown in FIGS. 4A and 4B, it was confirmed
that the expression level of pSTAT3 decreased in proportion to the treatment concentration in both cells. Through this,
it was found that the pSTAT3 antibody according to the present invention effectively inhibits the pSTAT3 protein activated
by LPS or TNFα.
[0129] Furthermore, after treating LPS alone or 50 ug of LPS and pSTAT3 antibody in RAW264.7 cells, the expression
level of pSTAT3 and COX-2 induced by NF-κB signaling was observed. As a result, it was confirmed that pSTAT3
antibody of the present invention does not affect the COX-2 protein through the fact that the expression level of COX-
2 is not affected while the expression of pSTAT3 protein is decreased as shown in FIG. 4C. These results demonstrate
that the antibody selectively inhibits only the activated pSTAT3 protein and does not affect other signaling, thereby
demonstrating that side effects can be reduced when using the antibody of the present invention.

4-2. Validation of the inhibitory effect of pSTAT3 bispecific antibodies on STAT3-RE-mediated gene expression.

[0130] In addition to the results of Example 4-1, it was intended to verify whether the pSTAT3 antibody of the present
invention can inhibit STAT-RE (response element) mediated gene expression by inhibiting the function of STAT3. To
this end, a HepG2 hepatocellular carcinoma cell line was transfected with a luciferase reporter gene vector expressed
under the control of STAT3-RE for 48 hours, and then treated with the pSTAT3 antibody of the present invention for 1
hour and 100 nM IL- 6 was treated for 24 hours. Then, the expression level of STAT3-RE-mediated luciferase gene by
IL-6 stimulation was measured.
[0131] As a result, as shown in FIG. 5, when the pSTAT3 antibody (D31N) was treated, it was confirmed that gene
expression was almost completely suppressed compared to the control (Cont). From the above results, it was found
that the pSTAT3 antibody of the present invention has an effect of inhibiting the expression of the STAT3-mediated gene.
[0132] The above description of the present invention is for illustration only, and those skilled in the art to which the
present invention pertains can understand that the present invention can be easily modified into other specific forms
without changing the technical spirit or essential features of the present invention. Therefore, it should be understood
that the embodiments described above are illustrative in all respects and not restrictive.
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Claims

1. A STAT3/DNA bispecific antibody or fragment thereof, comprising a first antigen binding site that specifically binds
to STAT3 (Signal transducer and activator of transcription 3) and a second antigen-binding site specifically binding
to DNA, and thus has a STAT3/DNA bispecific characteristic.

2. The bispecific antibody or fragment thereof according to claim 1, a STAT3 specific antibody or fragment thereof,
characterized by comprising the first antigen-binding site that specifically binds to STAT3 with a light chain com-
plementarity determining region (CDR) represented by amino acid sequences of SEQ ID NOs: 1 to 3 and a heavy
chain complementarity represented by amino acid sequences of SEQ ID NOs: 4 to 6.

3. The bispecific antibody or fragment thereof according to claim 1, a STAT3 specific antibody or fragment thereof,
characterized by comprising the first antigen-binding site that specifically binds to STAT3 with a light chain com-
plementarity determining region (CDR) represented by amino acid sequences of SEQ ID NOs: 7 to 9 and a heavy
chain complementarity represented by amino acid sequences of SEQ ID NOs: 10 to 12.

4. The bispecific antibody or fragment thereof according to claim 1, a STAT3 specific antibody or fragment thereof,
characterized by comprising the first antigen-binding site that specifically binds to STAT3 with a light chain com-
plementarity determining region (CDR) represented by amino acid sequences 13 to 15 and a heavy chain comple-
mentarity determining region represented by amino acid sequences 16 to 18.

5. The bispecific antibody or fragment thereof according to claim 1, a STAT3 specific antibody or fragment thereof,
characterized by comprising the first antigen-binding site that specifically binds to STAT3 with a light chain com-
plementarity determining region (CDR) represented by amino acid sequences 19 to 21 and a heavy chain comple-
mentarity determining region represented by amino acid sequences 22 to 24.

6. The bispecific antibody or fragment thereof according to claim 1, a STAT3 specific antibody or fragment thereof,
characterized by comprising the first antigen-binding site that specifically binds to STAT3 with a light chain com-
plementarity determining region (CDR) represented by amino acid sequences 25 to 27 and a heavy chain comple-
mentarity determining region represented by amino acid sequences 28 to 30.

7. The bispecific antibody or fragment thereof according to claim 1, a STAT3 specific antibody or fragment thereof,
characterized by comprising the first antigen-binding site that specifically binds to STAT3 with a light chain com-
plementarity determining region (CDR) represented by amino acid sequences 31 to 33 and a heavy chain comple-
mentarity determining region represented by amino acid sequences 34 to 36.

8. The bispecific antibody or fragment thereof according to claim 1, a STAT3 specific antibody or fragment thereof,
characterized by comprising the first antigen-binding site that specifically binds to STAT3 with a light chain com-
plementarity determining region (CDR) represented by amino acid sequences 37 to 39 and a heavy chain comple-
mentarity determining region represented by amino acid sequences 40 to 42.

9. The bispecific antibody or fragment thereof according to claim 1, wherein the STAT3 is phosphorylated on tyrosine
at position 705.

10. The bispecific antibody or fragment thereof according to claim 1 characterized by its ability to penetrate into cells.

11. The bispecific antibody or fragment thereof according to claim 1, wherein the fragment is selected from the group
consisting of diabody, Fab, Fab’, F(ab)2, F(ab’)2, Fv and scFv.
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12. A polynucleotide encoding the antibody or fragment thereof of claim 1.

13. A vector comprising the polynucleotide of claim 12.

14. A cell transformed with the vector of claim 13.

15. A method of producing a STAT3/DNA bispecific antibody or fragment thereof by:

(a) culturing the cell of claim 15 under conditions in which the polynucleotide is expressed;
(b) producing a polypeptide comprising light and heavy chain variable regions from the cell; and
(c) recovering the polypeptide from the cell or culture medium in which the cell was cultured.

16. A method for detecting STAT3 specific, comprising
contacting the antibody or fragment thereof of claim 1 with a sample; and
detecting the antibody or fragment thereof.

17. A pharmaceutical composition for treating cancer, comprising the antibody or fragment thereof of claim 1 as an
active ingredient.

18. A pharmaceutical composition for inhibiting cancer metastasis, comprising the antibody or fragment thereof of claim
1 as an active ingredient.

19. The pharmaceutical compositions according to claim 17 or 18, in that the cancer can be one or more selected from
a group comprising bladder cancer, breast cancer, cervical cancer, bile duct carcinoma, colorectal cancer, colon
cancer, endometrial cancer, esophageal cancer, stomach cancer, head and neck cancer, kidney cancer, liver cancer,
lung cancer, nasopharyngeal cancer, ovarian cancer, pancreatic cancer, gallbladder cancer, prostate cancer, Thyroid
cancer, osteosarcoma, rhabdomyosarcoma, lubricating sarcoma, Kaposi’s sarcoma, smooth sarcoma, malignant
fibrosarcoma, fibrosarcoma, acute myelogenous leukemia, adult T cell leukemia, chronic myelogenous leukemia,
lymphoma, multiple myeloma, glioblastoma, stellate Pharmacy, characterized by at least one selected from the
group consisting of cell tumors, melanoma, mesothelioma, Wilms’ tumor, and MiT tumors, including clear cell sarcoma
(CCS), afferent soft sarcoma (ASPS) and translocation-associated renal cell carcinoma.

20. A pharmaceutical composition for the treatment of inflammatory diseases, comprising the antibody or fragment
thereof of claim 1 as an active ingredient.

21. The pharmaceutical composition of claim 20, wherein the inflammatory disease is either rheumatoid arthritis or
psoriasis dermatitis.
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